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The exam has 5 questions and you must answer any four of the five questions. 
The exam is for 100 marks. Each question carries 25 marks. Suggested time for 
each question is 45 minutes. 
 
Question 1 (25 marks) 
A stepped shaft, as shown in Fig.1, has dimensions of D = 50mm and d = 25mm and       
r = 2.5mm. It was machined from AISI steel of 200Bhn hardness. The loading is one of 
completely reversed torsion. During a typical 30 seconds of operation under overload 
conditions, the nominal stress (Tc/J) in the 25mm diameter section was measured and 




Fig.1 Stepped shaft 
 
Fig.2 Torsional stress cycles experience by the shaft 
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Question 2 (25 marks) 
A pair of mating gears have 20o full-depth teeth with a module m = 3.2mm. Both the 
gear and pinion are made of steel heat-treated to 350Bhn, and both have a face-
width of 25mm. The teeth are cut with a top-quality hobbing operation. The pinion 
has 20 teeth and rotates at 1100rpm. It is mounted outboard on the shaft of an 
electric motor, and drives a 40-tooth gear that is positioned on an accurately 
mounted blower shaft. A schematic of the set-up is provided in Fig.3. 
 
Fig.3 Schematic of the mating gears 
The design life corresponds to 5 years of 60 hours/week, 50 weeks/year operation. 
Using a reliability of 99% and a safety factor of 1.5, estimate the horse-power that 
can be transmitted based only on bending fatigue.  
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Question 3 (25 marks) 
A no.312 radial contact ball bearing is loaded uniformly (without shock) as follows: 
55% of the time, 7kN and 1800rpm; 25% of the time, 14kN and 1200rpm; 20% of the 
time, 18kN and 800rpm. Estimate the bearing life for 90% reliability. Calculate the 
cumulative damage contribution for each load. 
 
Question 4 (25 marks) 
ASTM A229 oil-tempered carbon steel is used for a helical coil spring. The spring is 
wound with D= 50mm, d=10.0mm, and a pitch (distance between corresponding 
points of adjacent coils) of 14mm. This is schematically shown in Fig.4 below.  
 
Fig.4 Schematic of helical coiled spring 
If the spring is compressed solid, would the spring return to its original free length 
when the force is removed? What would be the case if the ultimate strength of the 
material was lowered to 800MPa due to improper control of heat treatment? 
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Question 5 (25 marks) 
The bracket shown in Fig. 5 is to support a total load (equally divided between two 
sides) of 60kN. Using E60 series welding rod and a safety factor of 3, what size weld 
should be specified? 
 
Fig.5 Schematic of welded joint 
